Contingent incentives can reduce substance abuse. Escalating payment schedules, which begin with a small incentive magnitude and progressively increase with meeting the contingency, increase smoking abstinence. Likewise, descending payment schedules can increase cocaine abstinence. The current experiment enrolled smokers without plans to quit in the next 6 months and compared escalating and descending payments schedules over 15 visits. In the larger incentive condition (LI, n 5 39), the largest possible incentive was $100, and in the smaller incentive condition (SI, n 5 18), the largest possible incentive was $32. In both conditions, more participants in the descending groups initiated abstinence. A higher proportion of participants in both the escalating and descending groups initiated abstinence in the LI than in the SI. Although participants in the descending groups had more abstinent visits during the first five contingent visits than those in the escalating groups, these differences were not maintained.
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Contingency management has been used to decrease substance abuse and increase abstinence in a variety of populations (Higgins & Silverman, 1999; Higgins, Silverman, & Heil, 2008) . In particular, contingency management can reduce cigarette smoking, as measured by breath carbon monoxide (CO) levels in adolescents (Corby, Roll, Ledgerwood, & Schuster, 2000) ; college students (Correia & Benson, 2006) ; community adults (Stitzer & Bigelow, 1982 , 1983 ; complacent smokers (Lamb, Morral, Galbicka, Kirby, & Iguchi, 2005; Lamb et al., 2007) ; hard-to-treat smokers ; pregnant women (Higgins et al., 2004) ; and clinically diagnosed populations, such as individuals with schizophrenia (Roll, Higgins, Steingard, & McGinley, 1998; Tidey, O'Neill, & Higgins, 2002; see Sigmon, Lamb, & Dallery, 2008, for review) . These efforts to reduce cigarette smoking are especially significant in light of reports that smoking continues to be the leading cause of morbidity and mortality in the United States (''Annual Smoking-Attributable Mortality, '' 2005) .
One of the most robust predictors of longterm abstinence in some smoking-cessation programs is abstinence during the first 2 weeks of the program (Garvey, Bliss, Hitchcock, Heinold, & Rosner, 1992; Gourlay, Forbes, Marriner, Pethica, & McNeil, 1994; Kenford et al., 1994; Yudkin, Jones, Lancaster, & Fowler, 1996) . These findings suggest that it might be useful to identify methods to increase the rate of abstinence during this critical period. The most frequent incentive schedule used to reinforce abstinence is a schedule of escalating incentive values under which longer periods of meeting the criterion result in larger incentives (e.g., Higgins et al., 1993; Roll, Higgins, & Badger, 1996; Silverman et al., 1996) . Roll et al. compared the duration of sustained abstinence produced by an escalating schedule to a fixed schedule, in which incentive values remained constant throughout the intervention. The authors found that the escalating schedule, with the inclusion of a reset contingency, promoted longer durations of abstinence in smokers who initiated abstinence relative to the fixed schedule. A reset contingency specifies that when a participant fails to meet the criterion, the value of the next incentive is reset to the lowest value in the schedule. Furthermore, to encourage the resumption of abstinence after that failure, meeting the criterion a certain number of consecutive times reinstates the amount of the incentive to its previous highest amount before the reset occurred. A further experiment showed that an escalating schedule of incentive reinforcement with a reset contingency increased sustained abstinence in cigarette smokers initiating abstinence relative to groups either receiving an escalating incentive-value schedule without the reset contingency or a fixed incentive-value schedule (Roll & Higgins, 2000) .
A study by Kirby, Marlowe, Festinger, Lamb, and Platt (1998) showed that a descending schedule promoted higher rates of abstinence from cocaine than an escalating schedule. The descending schedule delivered high-value incentives contingent on abstinence and then gradually decreased the value of the contingent incentives over the remainder of treatment. Escalating and descending incentive schedules have also been used in the human laboratory (Donny, Bigelow, & Walsh, 2003 . In one study, participants made choices between a specific dose of cocaine and decreasing amounts of money every 60 min. As the amount of money decreased, the proportion of participants choosing the cocaine injections increased (Donny et al., 2004) . By contrast, when participants made choices between a specific dose of cocaine and increasing amounts of money, cocaine choice was independent of monetary value (Donny et al., 2003) . Thus, similar to the results of Kirby et al., laboratory choices for cocaine were relatively more sensitive to a descending incentive schedule than an escalating incentive schedule. However, unlike previous contingency management studies (e.g., Kirby et al.; Roll et al., 1996) , participants were explicitly given a dose of cocaine (primed) before the choice procedure began. Also, the incentive increase or decrease was within the session and independent of participant choice. These procedural differences may limit the generalizability of the findings to current contingency management procedures.
There is also evidence that higher incentive magnitudes can increase abstinence (Corriea & Benson, 2006; Paxton, 1981; Stitzer & Bigelow, 1983 , 1984 . For example, Stitzer and Bigelow randomly assigned participants to one of four groups that offered contingent incentives between $0 and $10 per day for breath CO samples #50% of baseline levels. Increasing incentive magnitude led to an orderly reduction in mean breath CO and number of daytime cigarettes smoked, along with increases in the mean time since last cigarette smoked.
The current study compared the effectiveness of escalating and descending incentive schedules at initiating and maintaining smoking abstinence, as measured by breath CO over the course of 4 weeks, in smokers with no immediate plans to quit smoking. We also sought to compare different incentive magnitudes with both escalating and descending incentive schedules. In the first condition, a participant's first contingent incentive either started at $1 and increased with each successive breath CO sample meeting an abstinence criterion of ,3 ppm for 15 visits or started at $100 and decreased with each successive breath CO sample meeting an abstinence criterion of ,3 ppm for 15 visits. In the second condition, a separate group of participants was used. However, the contingencies were exactly the same as the first condition, except that the incentives increased or decreased only to a maximum of $32 with each successive breath CO sample meeting an abstinence criterion of ,3 ppm for 15 visits. Unlike previous studies, no reset contingency was used for either the escalating or descending incentive schedule.
METHOD

Participants
Participants were 60 adults recruited via review-board-approved newspaper, radio, and Internet ads and flyers posted on bulletin boards at local college campuses. To participate, individuals had to provide a breath CO reading of $15 ppm at intake, report smoking at least 15 cigarettes per day for at least 2 years, not be using any other tobacco products, not have concrete plans to quit smoking in the next 6 months, be at least 18 years of age, and be able to come to the University of Texas Health Science Center (San Antonio) main campus each workday between 7:00 a.m. and 10:00 a.m. to give a breath CO sample and answer five brief questions about their smoking behavior during the previous 24 hr. Of the 60 participants who provided informed consent, two dropped out before the first incentive visit, and 50 completed the 3-week experimental period with no more than two absences. One participant in the larger incentive condition (LI, detailed below) was retroactively excluded from data analysis based on negligible salivary cotinine levels at intake. Data for the two participants who dropped out before the first visit were also not included in the analysis. Demographic information is shown in Table 1 . Participants in the two groups were statistically similar on all intake measures, as judged by t and probability tests.
Procedure
The first 42 participants were placed in the LI, and the last 18 participants were assigned to the smaller incentive condition (SI). In each condition, participants were randomized to either the escalating or descending group by first stratifying each individual by intake breath CO level, which was assessed using a Vitolograph CO monitor. Stratification was accomplished by randomly placing the first participant in the high or low breath CO group. Subsequent participants were placed in the high or low breath CO groups depending on whether their entry breath CO level was above or below the median entry breath CO level collected to date. Participants delivering a sample on the median were assigned to the high or low breath CO groups in an alternating manner. Participants in each breath CO group were then randomized to either the escalating or descending incentive group based on a blocking procedure whereby each block of four participants had to contain two participants randomized to the escalating and two participants randomized to the descending group. This continued until 60 participants had been randomly assigned to two groups of 30 participants each. The experimenter told each participant which condition and group he or she was assigned to immediately after he or she delivered a breath CO sample during the intake session. At intake, the experimenter gave all participants a detailed description of the experimental procedures before giving informed consent. This included a discussion on the sources of CO, the half-life of breath CO, and the reliability of providing a breath CO sample every 24 hr. Specifically, the experimenter told participants that the half-life of breath CO was 2 to 8 hr (Benowitz et al., 2002) , and that most individuals could achieve a breath CO ,3 ppm by not smoking for 24 consecutive hours. After giving informed consent, the experimenter asked participants to submit a saliva sample, after which they completed several forms, including a brief self-developed demographics form and a smoking history and attitudes questionnaire. The experimenter gave the participant no advice or strategies to aid attempts to cut down or quit smoking. This was done to increase the participant's attention toward the scheduled incentives instead of other determinants of smoking.
After intake all participants were expected to deliver one breath CO sample each workday (Monday through Friday, excluding holidays) between 7:00 a.m. and 10:00 a.m. at the University of Texas Health Science Center (San Antonio) main campus for 20 consecutive visits. The first 15 visits were considered the contingent incentive phase during which additional monetary incentives could be earned by delivering a breath sample of ,3 ppm CO. The first contingent incentive phase visit occurred at least 24 hr but not more than 4 days (including weekends) after intake, so that each participant had adequate time to achieve a breath CO sample of ,3 ppm on his or her first visit. The criterion of ,3 ppm was chosen based on previous research that indicated that breath CO values in the range of 3 to 6 ppm provide the most sensitive level of measurement (i.e., minimizing both false positives and false negatives) for abstinence from smoking when breath CO tests were administered once per day (Javors, Hatch, & Lamb, 2005) . The last five visits were considered the follow-up phase, and monetary incentives contingent on breath CO levels were unavailable. Participants received $1 in cash immediately after submitting a breath CO sample during each visit, regardless of their breath CO level. A missed visit resulted in a missed earning opportunity and could potentially affect the completion bonus. The completion bonus was $100 and could be earned by completing the study with no more than two missed visits during the contingent incentive phase and no missed visits during the follow-up phase. Absences arranged at least 24 hr in advance during the contingent incentive phase did not affect the completion bonus or earning opportunities. Absences with less notice were counted as missed visits and resulted in a missed earning opportunity and a potential loss of the completion bonus. Any absence during the follow-up phase was not excused and disqualified the participant for the completion bonus.
Larger Incentive Condition
Participants randomized into the escalating group in the LI could earn additional monetary incentives (contingent on providing a breath CO sample ,3 ppm) during the contingent incentive phase. Incentives started at $1 and could potentially increase up to $100 according to the following visit-by-visit incentive schedule: $1, $2, $3, $4, $5, $6, $9, $12, $16, $22, $29, $40, $54, $74, $100. Submitting a breath CO sample $3 ppm resulted in no monetary incentive. A failed breath CO sample ($3 ppm) did not reset the incentive amount. Thus, if a participant had earned the $9 incentive but failed to earn the $12 incentive during the next visit (with a breath CO $3 ppm), then the next visit during the contingent incentive phase in which the participant had a breath CO ,3 ppm would result in the $12 incentive. Each earned incentive was paid in cash immediately following that day's breath CO sample.
Participants randomized into the descending group in the LI had the opposite visit-by-visit incentive schedule ($100, $74, $54, $40, $29, $22, $16, $12, $9, $6, $5, $4, $3, $2, $1) during the contingent incentive phase. Incentives started at $100 and could potentially decrease to $1. Submitting a breath CO sample $3 ppm resulted in no monetary incentive. The incentive amount was not reset after a failed breath CO sample. Each earned incentive was paid in cash immediately following that day's breath CO sample. The total incentive amount available was $377 for both contingent incentive groups.
Smaller Incentive Condition
The procedure for the SI was the same as in the LI, except that the incentive magnitude was smaller. Participants randomized to the escalating group could earn incentives that started at $1 and could potentially increase up to $32 according to the following visit-by-visit incentive schedule: $1, $2, $2, $3, $3, $4, $6, $6, $8, $10, $13, $16, $20, $25, $32. Participants randomized into the descending group had the opposite visit-by-visit incentive schedule ($32, $25, $20, $16, $13, $10, $8, $6, $6, $4, $3, $3, $2, $2, $1) during the contingent incentive phase. Incentives started at $32 and could potentially decrease to $1. The total incentive amount available was $151 for both contingent incentive groups in the SI.
In the LI, participants in the descending group earned a mean of $242.53 over the course of the 15-visit incentive period. Participants in the escalating group earned, on average, $49.80 over that same period. In the SI, participants in the descending group earned a mean of $48.22. Participants in the escalating group earned a mean of $16.78.
Data Analysis
Kruskal-Wallis one-way analyses of variance were used to examine the influence of each schedule of incentive reinforcement on the mean total number of visits with a breath CO ,3 ppm, mean number of visits during the first five visits of the contingent incentive phase with a breath CO ,3 ppm, longest duration of consecutive visits with a breath CO ,3 ppm, mean number of visits during the follow-up phase with a breath CO ,3 ppm, and continuous demographic variables. Chi-square tests were used to test the difference between groups on the proportion of participants able to deliver a breath CO ,3 ppm on the 1st day of the contingent incentive phase and to initiate abstinence at any point during the incentive phase. Except for the demographic variables, all tests were one tailed, with the hypothesis that participants in the descending incentive contingency group would have larger means, medians, or proportions than participants in the escalating incentive contingency group. Because of the small number of participants in the SI, Fisher's exact likelihood tests were calculated if a cell was smaller than 5. Figure 1 shows the effect of the incentive contingency on each participant's breath CO level across the 20 visits. In general, there is a larger concentration of darker gray at the beginning of the contingent incentive phase for the descending groups relative to the escalating groups, showing that more participants in the descending groups met the breath CO criterion more frequently during the beginning of the incentive phase. On average, participants in the descending groups had a greater number of visits meeting the breath CO criterion during Visits 1 through 5 than did participants in the escalating groups (KruskalWallis; x 2 5 4.06, df 5 1, p 5 .04). However, many participants in the descending groups that met the breath CO criterion early did not maintain this low breath CO level, as shown by the similar amounts of darker gray between the descending and escalating groups by the end of the incentive phase. The mean number of visits meeting the breath CO criterion across the entire incentive phase of the experiment (Visits 1 through 15) was not statistically different between the escalating and descending groups (Kruskal-Wallis; x 2 5 2.26, df 5 1, p 5 .13). During the five-visit follow-up phase, a smaller number of participants met the breath CO criterion relative to the contingent incentive phase in both conditions (Figure 1 ). In the LI, more participants in the descending group (n 5 6) had at least one follow-up visit with a breath CO ,3 ppm than participants in the escalating group (n 5 4). In the SI, two participants in the descending group and one participant in the escalating group met the breath CO criterion at least once. Combining both conditions, the mean number of visits meeting the breath CO criterion during follow-up was not statistically different between the escalating and descending groups (Kruskal-Wallis; x 2 5 0.88, df 5 1, p 5 .35). Overall, participants in the escalating groups missed more scheduled visits than those in the descending groups. In the LI, five participants in the escalating group dropped out of the study during the contingent incentive phase, whereas only one participant in the descending group dropped out during the contingent incentive phase (Fisher's exact one tailed; p 5 .10). In the SI, two participants in the escalating group dropped out during the incentive phase, whereas no participants dropped out of the descending group. The proportion of participants dropping out of the escalating groups was higher than in the descending groups (Fisher's two tailed; p 5 .05).
RESULTS
The cumulative proportion of participants in each incentive schedule group that delivered a breath CO sample of ,3 ppm on at least one visit over the course of the study showed a similar pattern to the total number of abstinent breath CO criterion visits. In the LI, almost half of the participants (n 5 9) in the descending group delivered a breath CO sample ,3 ppm on Visit 1, whereas only one fourth (n 5 5) of the participants in the escalating group met this criterion (Fisher's exact one-tailed probability; x 2 5 2.12, df 5 1, p 5 .13). However, the increase in the cumulative proportion of participants who met the breath CO criterion over the remainder of the contingent incentive phase was approximately the same in both the escalating and descending groups. The cumulative proportion meeting the breath CO criterion reached an asymptote between Visits 5 and 6 for the descending and escalating groups, respectively. Thus, for both groups, no further abstinence was initiated after the 1st week of contingent incentives. There was a similar trend in the SI. Three of the nine participants in the descending groups produced a breath CO sample ,3 ppm on the first visit, whereas only one participant in the escalating group met the breath CO criterion. Participants in the SI stopped initiating abstinence earlier than those in the LI, with no participants producing a breath CO sample ,3 ppm after Visit 2 in the descending incentive group.
Overall, the cumulative proportion of participants who delivered at least one breath CO sample ,3 ppm throughout the incentive phase was greater in the descending groups than in the escalating groups (x 2 5 4.03, df 5 1, p 5 .04). Of the 28 participants in the descending groups, 19 (68%) delivered a breath CO sample ,3 ppm at some point during the incentive phase. By contrast, 12 (41%) of the 29 participants in the escalating groups delivered at least one breath CO sample ,3 ppm. Likewise, by comparing the cumulative proportion of participants with at least one breath CO sample ,3 ppm between conditions, we found that more participants in LI delivered one or more breath CO samples ,3 ppm than in the SI (x 2 5 7.51, df 5 1, p 5 .006). Of the 39 participants in the LI, 26 (67%) had at least one breath CO sample ,3 ppm, whereas only five (28%) of 18 participants did so in the SI.
DISCUSSION
The present experiment suggests that a descending incentive schedule may promote higher rates of abstinence than an escalating incentive schedule in smokers with no concrete plans to quit smoking. This is similar to the results of Kirby et al. (1998) with cocainedependent adults who were seeking to quit. However, because the descending schedules began with a larger incentive than the escalating schedules, it is difficult to determine whether the greater magnitude or the descending schedule controlled abstinence initiation. Indeed, a greater proportion of participants in the LI met the breath CO criterion relative to those in the SI. These results are consistent with previous literature that has shown increasing rates of smoking abstinence with increasing magnitudes of incentives (Corriea & Benson, 2006; Stitzer & Bigelow, 1983 , 1984 .
Although more participants in the descending groups produced criterion breath CO levels throughout the 1st week of the contingent incentive phase, abstinence was usually not differentially sustained thereafter (Figure 1) . The median number of consecutive abstinent visits was two and zero for the descending and escalating groups, respectively. Thus, participants in the descending groups had the opportunity to maintain abstinence for longer periods of time by virtue of initiating abstinence. However, after those participants who never initiated abstinence were eliminated from the analysis, participants in the escalating groups were better able to maintain abstinence (median 5 4.5 consecutive abstinent visits) throughout the contingent incentive phase than were those in the descending groups (median 5 3 consecutive abstinent visits). This supports the previous finding that escalating schedules are better at maintaining abstinence once abstinence is initiated (Higgins et al., 1993; Roll & Higgins, 2000; Roll et al., 1996; Silverman et al., 1996) , even without a reset contingency. However, in either case, the median duration of abstinence is far from the 2-week rule used to predict long-term abstinence, as described in the introduction.
Several participants in both conditions were able to maintain abstinence after the incentives were withdrawn (four participants in the LI and three participants in the SI). These results may be meaningful, despite the relatively short follow-up phase, because we specifically recruited participants without plans to quit smoking in the next 6 months. Inducing and maintaining abstinence in this population is an important goal, because the majority of smokers will not make even one quit attempt per year (Eisenberg, Stitzer, & Henningfield, 1999) . Those that do try to quit on their own typically have success rates between 3% and 8% at 12 months after the initial quit attempt (Cohen, Lichtenstein, & Prochaska, 1989) . Greater motivation to quit smoking appears to increase outcomes in smoking cessation programs (Perkins, Stitzer, & Lerman, 2006; Prochaska & DiClemente, 1992; Tang, Law, & Wald, 1994) . Thus, it is plausible that the outcomes of the current study may have been enhanced by using smokers with a higher motivation to quit smoking.
It is also noteworthy that only one participant from either descending group withdrew from the study during the contingent incentive phase, whereas seven participants from the escalating groups withdrew during the contingent incentive phase (Figure 1) . Kirby et al. (1998) reported similar results with cocainedependent adults. This result may have been a function of a subtle difference in contingencies between the two groups. Figure 2 shows the contingency between failed breath CO samples or unexcused absences and the amount of incentive lost during the 15-visit contingent incentive phase for the LI. Because contingent incentives were limited to the first 15 visits, the last scheduled incentive in the progression was terminated after the first failed breath CO sample or unexcused absence. This was only $1 in the case of the descending contingency (filled squares). However, for the escalating contingency (open triangles), this was $100 ($32 in the SI). Thus, participants in the escalating group automatically forfeited $100 ($32 in the SI) for the first failed breath CO sample or unexcused absence. However, at the beginning of the contingent incentive phase, when this negative reinforcing contingency to avoid incentive losses would have been the greatest, participants in the escalating group submitted fewer criterion breath CO samples than participants in the descending group. Perhaps as a consequence of the mounting losses (relative to small immediate incentives that were available), some participants chose to withdraw from the study. The idea that smoking in contingency management studies may also be sensitive to punishment or negative reinforcement contingencies other than a reset contingency has been mentioned previously (Roll et al., 1996) and tested with some success in a standard escalating incentive schedule (Roll & Howard, 2008 ).
As mentioned above, our experimental design did not allow us to disentangle effects of the schedule from effects of the incentive magnitude. A study by Silverman et al. (1998) showed that the addition of a large start-up bonus incentive did not increase the rate of participants initiating or maintaining cocaine abstinence in a contingency management procedure using an escalating incentive schedule. Future studies will be necessary to disentangle these two factors in descending schedules. For example, it might be informative to include a control condition in which participants receive the same incentive values as in the descending condition but in a random order. If a large proportion of participants met the breath CO criterion when the random incentive was large (i.e., $100), then the current results could be explained more easily by the magnitude of the incentive, instead of the schedule of the incentive.
There are also a few procedural differences between the current experiment and previous research on schedules of reinforcement in smokers. First, the current participants provided only one breath CO sample per day, whereas some of the previous studies scheduled breath CO tests and incentives multiple times per day (Roll & Higgins, 2000; Roll et al., 1996 Roll et al., , 1998 Stitzer, Rand, Bigelow, & Mead, 1986) . It is plausible that more frequent incentives result in higher rates of abstinence. Second, we used a lower breath CO criterion than most other published research. This breath CO level was based on a prior analysis of breath CO levels and number of cigarettes smoked over a 24-hr period (Javors et al., 2005) . Thus, participants in the current experiment would have a chance of receiving incentives after smoking during the previous 24 hr. To insure abstinence and avoid unintended reinforcement of low levels of smoking, it may be beneficial for future contingency management programs to combine more frequent measurements of breath CO levels together with other biological measures, such as cotinine. Recently, a Web-based smoking cessation program (Dallery & Glenn, 2005; Dallery, Glenn, & Raiff, 2007; Reynolds, Dallery, Shroff, Patak, & Leraas, 2008) has produced impressive results by combining frequent breath CO measures with a lower abstinence criterion (,4 ppm). Third, as mentioned in the introduction, the current experiment did not use a reset contingency during the escalating schedules. Because there has been no prior research done with descending schedules and reset contingencies, it is not clear how a reset contingency during a descending schedule would affect behavior. Thus, to eliminate this potential confounding effect, we decided not to use a reset contingency in either schedule.
In conclusion, the current experiment showed that the initiation of abstinence from cigarette smoking can be achieved using an incentive schedule with high-magnitude incentives at the beginning of the intervention. However, as these incentive magnitudes decreased, so did the proportion of abstinent participants. Future investigation should attempt to disentangle the roles that incentive schedule and magnitude play in abstinence initiation. Clear identification of the variables responsible for abstinence initiation should help researchers to build contingency management procedures to promote long-term abstinence.
